Many studies have recognized the difficulties in applying food web theories to empirical data (Closs and Lake, 1994; Warren and Spencer, 1996) . Thus, it is important to identify connections in a food web and their variations. Species can coexist when, as competitors, they partition resources. This may be achieved by character displacement. Alternatively, species may not compete (Begon et al., 1996) . Against this background, interactions among individuals of different species promote interrelationships that might determine changes in temporal and spatial scales where the searching behaviour of predators constitutes unlike pathways (Ekschmitt and Breckling, 1994) .
Competition for food is important, and foraging activity may occur throughout the day. However, its intensity can vary as a result of endogenous circadian rhythms or such exogenous factors as availability, intra-and interspecific competition, or threats from potential predators. Some organisms have adjusted their daily activities to these factors, and it is often thought that evolution has shaped these patterns in an optimal manner (Stenseth, 1983) . In aquatic food webs, trophic spatial and temporal activity remains poorly studied. Little is known about trophic resource partitioning among omnivorous crustaceans.
In the Paraná River system (Santa Fe, Argentina) the commonest and most widely distributed palaemonids in the littoral communities of shallow lakes and streams of the floodplain (Boschi, 1981) are Macrobrachium borellii Nobili, 1896, and Palaemonetes argentinus Nobili, 1901. The food of adults is very similar, oligochaeta and insect larvae being the main items (Collins and Paggi, 1998; Collins, 1999) . Here, their circadian foraging activity is considered.
MATERIALS AND METHODS

Study Area
The work was conducted in two shallow lakes that had similar densities of P. argentinus and M. borellii among sampling points, lakes, and time (i.e., 86.3 6 22.30 vs. 82.0 6 15.68 prawns/m 2 respectively; t (2,107, 0.05) ¼ 0.67; P ¼ 0.505), but some different limnological characteristics. The two sampling points in each lake were close together in a surface of 50 m 2 approximately, with abundant aquatic plants (mainly Eichhornia crassipes).
Both environments have a small catchment area ( Fig. 1) , where fine sediments predominate. ''Laguna N8 1'' is an old meander scroll lake of ''Los Sapos'' island of the Salado River (318399S, 608419W) (total length 150 m; depth 1.5 m, area 4700 m 2 ). ''Alejandra'' lake lies adjacent to the Coronda River (318459S, 608319W), with a total length of 900 m, 1.8 m of depth, and an area of 675 m 2 . ''Laguna N81'' changes its volume mainly depending upon the water input from the Salado, which has a high dissolved salt content (3200 lomhs/ cm), while ''Alejandra'' is an oxbow lake of low dissolved salt content derived the Paraná River (220 lohms/cm). Populational densities in the communities of the lakes fluctuate considerably (Bonetto and Waiss, 1995) depending upon the lake volume, distance to river, amplitude-longitude of flooding pulse, and time of water residence (Paggi and Jose de Paggi, 1990 ).
Field Procedures
Diurnal foraging activities of P. argentinus and M. borellii were investigated during three nonconsecutive days in each lake in spring (October 1995 (October , 1996 (October , 1997 . Prawns were collected with a trawl net (8 m long, 1 m wide; 1 mm mesh) at three-hour intervals (11:00; 14:00; 17:00; 20:00; 23:00; 02:00; 05:00; 08:00; 11:00). The trawled areas were 5 m 2 , approximately, along the shorelines of the lakes having aquatic plants (mainly E. crassipes and Nymphoides indica). Prawns were immediately anaesthetised by cooling in a refrigerator with ice and preserved in 10% Formalin in the field.
Water temperature, dissolved oxygen, conductivity, and pH were measured simultaneously on each sampling occasion. Transparency was estimated using a Secchi disc.
Laboratory Procedures
Cephalothorax length (CL) was measured using callipers (6 0.1 mm), and alimentary tracts were removed. Stomach fullness was estimated visually according to a subjective scale from 0 (empty) to 5 (full) (Collins and Paggi, 1998) . In order to examine fluctuations in food items, adult prawns (CL . 6 mm for P. argentinus and CL . 9 mm for M. borellii) were randomly subsampled in four groups (Table 1) , and in one group, the minimum number of stomachs was taken.
Extracted stomach contents were mounted in 50% glycerol. Consumed items were sorted into taxonomic groups, counted, and measured under a compound microscope at 150 3 to 600 3. Identified remains were classified into 16 categories: unicellular algae, filamentous algae, Euglenophyceae, Bacillariophyceae, Fungi, macrophyte remains, Rotifera, Nematoda, Cladocera, Copepoda Calanoida and Cyclopoida, Palaemonidae, Chironomidae larvae, other insect larvae, Oligochaeta, and Arachnida.
Data Analysis
Prawn densities and limnological parameters were compared between lakes with Student's t-test. Fifteen stomach-contents samples of each species, sampling points, lakes, and time were analyzed. This minimum number was determined using the mean cumulative trophic diversity based on ShannonWiener and Simpson indexes (Legendre and Legendre, 1979) (Fig. 2) ; 180 stomachs of each species and time were observed.
In each sample, the comparison of the average size of prawn species was assessed with a one way analysis-of-variance (ANOVA). Differences were tested using Tukey HSD test according to Zar (1996) .
Standard methods available for the evaluation of variation in feeding intensity involved the determination of the fullness index, which was calculated according to the expression FI ¼ (NF Á NT À1 ) 100, where NF is the number of full stomachs, and NT is the total number of stomachs. The fullness index homogeneity among sites and day sample was calculated with a Cochran C test, in which the hypothesis is that the variances are equal. To establish the importance of each item, food volumes were calculated by approximation to regular geometric shapes or converted to volume data of weight from literature (Edmonson and Winberg, 1971; Dumont et al., 1975; Ruttner-Kolisko, 1977) .
Niche breadth was estimated for each species at each sampled hour, using the equation of Ricklefs (1979) :
where (p i ) is the proportion of individuals found using resource i. Values of niche breadths were standardized on a scale of 0 to 1 (Pianka, 1973) . Percentage of similarities for both prawn species in their feeding cycles were calculated using the niche-overlap index C m following Pianka (1973) . The changes in food items were analyzed by means of the Index of Relative Importance, IRI ¼ (C v þ C n ) F o (Pinkas et al., 1971) , where C v is the volumetric content of prey, C n is the numeric content of prey, and F o is the frequency of occurrence of a prey item.
RESULTS
Mean values of conductivity (3205 and 220 lohms/cm), pH (7.7 and 6.9), transparency (26.5 cm and 38.7 cm), and dissolved oxygen (7.7 and 6.9 mg/L) differed between ''Laguna N81'' and ''Alejandra'' lakes, although daily variations were similar. Temperatures oscillated between 16.88 (05:00 h) to 21.28C (17.00 h) in N8 1 lake and 17.88 (02:00 h) to 21.38C (14:00 h) in Alejandra lake and were similar between both ponds (P ¼ 0.205).
The number of prawns captured was different throughout the day in both lakes and for both species (ANOVA, P. argentinus F (5,53, 0.05) ¼ 7.18, P ¼ 0.0039; M. borellii, F (5,53, 0.05) ¼ 3.64, P ¼ 0.0355). Lowest catches of the latter species (48 6 10.9 prawns) were at midday (Tukey, P , 0.05). Palaemonetes argentinus was more abundant than M. borellii (ANOVA, F (1,107, 0.05) ¼ 9.56, P ¼ 0.004) (93 6 19.9 vs. 75 6 17.3 prawns). In both cases, size comparisons did not reveal a great difference in size-frequency distribution in daily cycles among sites and day samples (ANOVA, P. argentinus, F (8,5022, 0.05) ¼ 1.06, P ¼ 0.3759; M. borellii, F (8,3970, 0.05) ¼ 0.93, P ¼ 0.4495), but size-frequency distribution was significantly different between the two species, with M. borelli the larger (ANOVA, F (1,8893, 0.05) ¼ 11.27, P ¼ 0.00008). Subsampled adult prawns had a mean CL size of 7.3 6 1.08 mm for P. argentinus and 11.8 6 2.19 mm for M. borellii, and the size range of the two species is shown in Fig. 3 .
Stomach fullness variances were not significantly different among lakes and day samples in each species (Cochran C test (5, 0.05) , P. argentinus ¼ 0.29, P ¼ 0.1042; M. borellii ¼ 0.18, P ¼ 0.8601). This index showed that feeding occurred during the whole day for both prawns, but foraging activity differed in intensity at different times (Fig. 4) . In P. argentinus, stomach fullness was greatest during the day, but in M. borellii, during the night. Few stomachs were empty, 8.7 6 2.32% for P. argentinus between 23:00 and 05:00 h and 1.2 6 0.98% for M. borellii between 12:00 and 17:00 h.
In both species food items were very damaged, but most were identifiable (Table 2) . Organic debris could not be accurately quantified and was discarded from later analysis.
The frequency of occurrence of unicellular algae, filamentous algae, macrophyte fragments and fungi fluctuated throughout the day without distinct rhythms for both prawns. However, unicellular algae (mainly Scenedesmus sp., Ankistrodesmus sp., and Staurastrum sp.) were more heavily grazed at sunrise by P. argentinus (IRI values 4162.83) than during the rest of the day (Fig. 5) . Bacillariophyceae and fungi were found only in P. argentinus. The former (mainly Gyrosigma sp., Fragillaria sp., and Bacillaria sp.) were more frequent during the day and the latter during the night (Fig. 5 ). Euglenophyceae were consumed by M. borelii without a definite cycle (Fig. 5) . For this prawn, unicellular algae occasionally occurred, and filamentous algae (mainly Oedogonium sp., Ulotrix sp., and Microsporas sp.) were only eaten in any quantity around 20:00 and 08:00 h (greatest IRI values 3500.95). Macrophyte fragments appeared during the whole day in M. borellii.
Cladocerans, calanoid and cyclopoid copepods were abundantly preyed upon with greater consumption by day than by night in P. argentinus, except for Cladocerans which peaked at 23:00 h. All these items were consumed by M. borellii more frequently by night (Fig. 5 ). Rotifera were found only in P. argentinus, with high IRI values except at sunrise.
The greatest differences of daily items consumed by both prawns were recorded mostly among benthic prey.
Macrobrachium borellii ingested mostly prey associated with the benthos or aquatic plant areas. Chironomid larvae, other insect larvae (e.g., Ephemeroptera, Trichoptera) and Oligochaeta (Pristina sp. and Dero sp.) occurred mainly during the night (maximum IRI values: 9708.76 for Oligochaeta, 4862.08 for chironomid larvae). In contrast, P. argentinus had a daytime consumption of benthic items (maximum IRI values: 8637.14 for Oligochaeta, 2118.96 for chironomid larvae) (Fig. 5) . Palaemonidae and Arachnida were only found in M. borellii and mainly at night (Fig. 5) .
Both prawns had similar trophic niche breadths during the day (from 08:00 to 17:00 h) and different ones at night (20:00-05:00 h). Niche breadth values were more constant in M. borellii than in P. argentinus, being greater at night (Fig. 6) . Niche overlap values fluctuated throughout a day without a definite cycle. The lower C m values corresponded to 05:00, 23:00, and 14:00 h (Fig. 7) .
Overall, foraging activity increased during the night in M. borellii and decreased in P. argentinus, but the latter utilised more diverse food items.
DISCUSSION
The timing of feeding activity is influenced by the day/night cycle and shows various patterns of synchronization with this cyclical factor, depending on the species. Moreover, differences in physiology, foraging, behaviour, and predation suggest a mechanism for habitat segregation as a light-dark response to selective pressures (Englund and Krupa, 2000) . Both prawns are omnivores with dual roles as predators and processors of organic matter, with M. borellii being the more aggressive (Collins and Paggi, 1998; Collins, 1999) . The feeding behaviour of both prawns depends directly on the nature of the food. They utilize sediment, periphitic and planktonic communities, grasp surfaces, and hunt in the water column or sediment, using one or both chelae of the first pereiopods assisted by the second and third pairs (Williner and Collins, 2000; Giri and Collins, 2003) . Food items in both prawn stomachs during the day were similar to those in an annual cycle for the same species (Collins and Paggi, 1998; Collins, 1999) . New additions to the known diet include Arachnida for M. borellii and Fungi for P. argentinus. Similar diets were also observed in other species of prawns in freshwater and marine environments (Collart, 1988; Jayachandra and Joseph, 1989; Guerao, 1995; Guerao and Ribera, 1996) .
Trophic niche breadth was wide and similar for both species during the day. It was expanded by night in P. argentinus when M. borellii increased its feeding activity. Niche overlap oscillated without a definite pattern, indicating that the fullness and trophic breadth indexes varied mainly because of an increase in the consumption of several items, e.g., P. argentinus ate Oligochaeta and insect larvae with greater intensity during the day, when M. borellii diminished its foraging activity. x -Spirogyra sp.
- The study of feeding chronology may provide valuable information on trophic ecology. By far the commonest items eaten by P. argentinus and M. borellii are plants, which are collected during the whole day without systematic variations. Small animal prey are consumed between 11:00 and 02:00 h by P. argentinus and between 20:00 to 08:00 h by M.
borellii. Although some plant and animal items are very small, they may play a significant nutritional role for decapods (Fryer, 1977; Kennish, 1996) . On the theory of optimal feeding strategies, animals may favour feeding under certain weather conditions or times in order to minimize metabolic costs of feeding activity (Schoener, 1971) . Macrobrachium borellii and P. argentinus have similar roles in the food web, but their main food sources, e.g., insect larvae (chironomids, Ephemeroptera, Trichoptera) and Oligochaeta, were used at different times (Fig. 8) . Feeding activity patterns are reflected in the IRI values and the frequency occurrence of food items.
Several authors (Inyang, 1978; Vance, 1992) have proposed a pattern of high night activity for crustaceans, when habitat use may be related to a decrease in fish and bird predation. However, this study showed a daytime activity for P. argentinus what would favour exploitation of its main food resources, Oligochaeta and Diptera larvae. The daily patterns of prawns seem to be primarily controlled by photoperiod and other environmental factors.
Segregation by feeding times between two species is expected to arise if there is enough food available and a possible enemy is active at different times of the day.
The two co-existing species have different circadian rhythms of feeding; P. argentinus seems to be a diurnal feeder, whereas M. borellii is nocturnal. However, if P. argentinus is left alone or without a nocturnal predator, it could feed with a great intensity during the night, changing its feeding rhythm. This speculation could be attributed to a competitive force-predation or injury risk caused by the more aggressive species (M. borellii) (Williner and Collins, 2000) . Thus, adaptive modifications of circadian feeding rhythms play a role in the coexistence of these species in the Paraná River. LITERATURE CITED 
